O ccupational injuries make up a substantial proportion of all injuries. Studies of the prevalence of activity-limiting injuries in employed people aged 18-75 estimate that between 18% and 28% of the most serious injuries occur at work. 1, 2 Of the individuals who report a work injury in Canada each year, approximately 10% experience some degree of permanent functional impairment. In Ontario, the proportion of workers experiencing impairment was 14% in 2010, exceeding the national rate of 11%.
Furthermore, the level of physical impairment given by standard evaluative tools (e.g., the American Medical Association [AMA] Guide to the Evaluation of Permanent Impairment) can substantially underestimate the degree of disability experienced after injury. 8, 9 Consequently, impairment from work injury may affect longevity; yet prior research on mortality risk is focused on death from acute trauma. [10] [11] [12] A handful of studies have demonstrated elevated longterm mortality risk in individuals with severe injuries from all causes -including work injuries -though these studies offer little insight into possible mechanisms. [13] [14] [15] The current study investigates the impact of permanent impairment from a work injury on long-term mortality risk with a focus on work disability as a key explanatory factor. Using a novel longitudinal database created from a linkage between administrative data from the Ontario Workplace Safety and Insurance Board (WSIB) and Statistics Canada's Longitudinal Administrative Databank (LAD), we employed a retrospective matched cohort methodology to examine differences in mortality rates between individuals with permanent impairment from a work injury and a group of non-injured controls over a 19-year period. We hypothesize that impaired workers will have a higher risk of death in the follow-up period relative to their non-injured counterparts; moreover, we expect that work disability will be a significant explanatory factor in elevated mortality risk.
METHOD Data
Data were derived from a linkage of two administrative data sources: workers' compensation claims records from Ontario's WSIB and federal tax file information from the LAD. The LAD is a 20% simple random sample of the T1 Family File (T1FF), a yearly crosssectional database of all Canadian tax filers and their census families. Both the T1FF and the LAD have been created for every year from 1982 to 2010. The T1FF contains information on up to 95% of Canadians aged 18 years and older. Individuals are entered into the LAD through their social insurance number (SIN). Each year the LAD file is topped off with 20% of new tax filers in order to keep the file representative of the tax filing population. The files contain information on income sources and amounts, sociodemographic information and year of death where applicable.
The sample for this study consists of individuals aged 25 to 64 with workers' compensation claims for accidents occurring in Ontario from January 1, 1986 , to December 31, 1994 . that resulted in a permanent impairment. Because of the nature of the LAD sampling process (i.e., simple random sample) we would expect to identify, at an optimum, 20% of the claimant sample frame in the LAD. The linkage identified almost 19% of the sample frame, which suggests that the linkage was very successful. Information on the date of accident, type and amount of benefits received each year, percentage of permanent impairment, other claim details and a personal identifier (the individual's SIN) was extracted from WSIB for the entire frame. The information was then linked with the LAD through the SIN. The LAD was used to select a matched sample of control individuals without permanent impairment from a work injury, which was used for comparison with the sample of injured workers culled from the WSIB administrative data records and identified in the LAD.
Measures
The outcome variable for the statistical model was dichotomous, indicating whether or not the individual was deceased in a given calendar year (yes=1; no=0). Two key explanatory variables were investigated: 1) permanent impairment from work injury was a dichotomous variable identifying the individual as someone who was present in the claims data and had received a diagnosis of permanent impairment per the AMA guidelines (yes=1; no=0); and 2) percentage of labour-market earnings recovery was the proportion of pre-injury earnings recovered by an individual in the period after a work injury. Four categories of labour-market earnings recovery were defined: <25% recovery of pre-injury earnings (reference category), 25% to <50%, 50% to <75% and ≥75%. This variable represents the key proxy for degree of labour-market engagement following an injury -i.e., work disability. All explanatory variables were based on information from the year prior to the outcome variable.
Other explanatory variables included in the analysis because of their potential association with the outcome variable and because these were of substantive interest in their own right were sex; age bracket at time of injury (three categories: 25-39, 40-54, 55-64); percentage/severity of impairment* (cases only: low impairment [<10% loss in bodily function]=0; high impairment [≥10% loss in bodily function]=1); family income (log, 1994 dollars, adjusted for family size); rural residence (yes=1; no=0); single/not married (yes=1; no=0); and calendar year (results for this variable not shown; available from the author upon request). All analyses were stratified by sex.
Control matching
To identify a comparison group of individuals who did not suffer a permanent impairment due to work injury (control group), we used a matching algorithm that selected up to 10 controls for each claimant of workers' compensation. The approach is known as the Nearest Available Mahalanobis Metric Matching within Calipers Defined by the Propensity Score. 16 The matching technique has a robust history of application and development and is preferable to regression modeling techniques in some circumstances. 17 In the current study, the procedure helped ensure that matched pairs were similar before the accident year on characteristics that bear
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* We undertook a sensitivity analysis of the percentage/severity of impairment variable to determine whether different thresholds for low and high levels of impairment had differential effects on mortality risk. Our findings showed that a cut-point of <10% (low impairment) and ≥10% (high impairment) was the best predictor of significant differences in mortality risk over time (results available upon request). Hence, the 10% cut-point was retained in the duration models. on labour-market engagement. In this way, any substantive difference in the rate of mortality between cases and controls could be credibly attributed to the effects of a work injury resulting in permanent impairment. The essential criteria for candidate controls were as follows: that they were living in the province of Ontario in the injury year of the candidate-claimant match; they had wage and salary earnings in the injury year; and they were present in the database in at least one of the four years before the injury. The selection of controls for each claimant observation was based on two sets of characteristics. One set required an exact match of characteristics between the claimant and control, and the other required a match within some acceptable range. The exact match characteristics were province of residence, region of residence (urban/rural) and sex. The non-exact match characteristics were a propensity score (±25% of the standard deviation of the logit propensity score); age (± two years of the event); presence patterns in the database in each of the four years before injury year (both "present"="present" and "not present"="not present" were considered a match); and wage and salary earnings in each of the prior four years (wages and salaries within ±20% of event wage and salary level were considered acceptable). For candidate controls meeting the exact match criteria and having fulfilled the propensity score criteria, the following formula was used to calculate the weighted distance where D ec is the total distance between the event (e) and candidate control (c); w 1 is the weight given the age difference; w 2 is the weight given the matching of years; dummy ect is 0 if the presence pattern matches in year t and 1 otherwise; w 3 is the weight given earnings differences between claimants and controls; and earnings et and earnings ct are event and candidate control earnings in year t. The specific values used for the weights were as follows: w 1 =1, w 2 =5 and w 3 =50. The largest weight was placed on the earnings difference, and the maximum allowable difference was 20%. The selection of controls was randomized without replacement. Final selection of controls was based on the smallest total distance between a claimant and control in accordance with the matching characteristics and the weight assigned to each characteristic. A maximum of 10 controls were selected for each claimant observation. The event-control matching was very successful; it resulted in a match of 5 to 10 controls for 97% of the claimant sample.
Statistical modeling
We used the complementary-log-log (c-log-log) function for continuous time processes to model the time from year of injury to year of mortality. This approach treats the within-period hazard as constant (exponential) with an across-period baseline that takes the form of a step function with no pre-defined shape. 18 For the data used in this study the within-period interval was a calendar year, and the across period intervals spanned the time from year of injury to year of death. Respondents were followed until 2009 (up to a maximum of 19 years from the date of injury). Like the Cox regression model, the c-log-log transformation invokes a proportionality assumption in hazards, not odds; as such, it provides a discrete time analog for the continuous time hazard model. Covariates were integrated into the c-log-log functional form using the proportional hazard approach. All models were run in SAS version 9.1 (SAS Institute, Cary, NC) using PROC GENMOD. Table 1 presents descriptive statistics for the sample used in the statistical modeling. The male and female samples comprised 72,627 and 33,581 individuals respectively. The average age of respondents was 44 years. Men reported slightly higher labourmarket earnings than women (mean log of individual income 10.3 [$29,437] and 9.7 [$15,835] respectively). Nineteen percent of men and 17% of women were permanently impaired from a work injury. Among impaired people (N=19,322), a slightly greater percentage of women than men were highly impaired (54% and 50% respectively). A total of 7,380 men and 1,500 women were deceased by the end of the observation period. The rate of death among impaired men was 55% higher than their non-impaired counterparts (14% versus 9% respectively). For women, the rate of death among impaired people exceeded the rate among nonimpaired individuals by 50% (6% versus 4% respectively). Table 2 presents the results from the duration modeling for female cases and controls. Women with permanent impairment from a work injury were almost 30% more likely to die than their non-impaired counterparts (coefficient: 0.251, hazard ratio [HR]=1.29; p<0.01). Further tests revealed the presence of an interaction between impairment status and age of onset of impairment, women who had sustained injuries at younger ages being at higher risk of mortality (coefficient: 0.80, HR=2.23; p<0.01). Other covariates predictive of higher mortality risk in women were older age bracket, rural residence, being single/not married and low family income. A comparison of survival curves between claimants and controls showed that the death rate diverged significantly at approximately 13 years after injury, suggesting that the elevated risk of death from disabling injury in women persists over decades.
RESULTS
We also tested a duration model on female claimants only to examine whether both level of impairment and percentage of earnings recovery after injury (i.e., work disability) affect mortality risk in this group (Table 3) of age bracket. No significant differences in mortality risk were found between women with high-versus low-level of impairment. There were, however, differences in mortality risk based on degree of work disability. Women with impairments who had low or no work disability (high earnings recovery, i.e., ≥75% of pre-injury earnings) were 27% less likely to die during follow-up compared with their counterparts with high work disability (earnings recovery <25%). Table 4 presents duration modeling results for male cases and controls. Men with impairments had a greater risk of death (coefficient: 0.20, HR=1.22; p<0.01), though the risk was slightly lower than that observed in women. Further tests of the models based on age of onset of impairment revealed that younger age was predictive of higher mortality risk in men (coefficient: 0.45, HR=1.57; p<0.01). Other covariates predictive of increased mortality risk in men were older age bracket, rural residence, being single/unmarried and low family income. Survival plots showed that death rates among male claimants and controls diverged significantly around year 15 of follow-up.
Statistical tests of the male impaired sample (Table 5) found that men with high impairment were more at risk of dying than those with low impairment (coefficient: 0.12, HR=1.13; p<0.05). Furthermore, a higher degree of labour-market engagement after injury modified the risk of death in impaired men. Specifically, for men with moderate work disability the rate of mortality was reduced by a factor of 0.27; for those with low or no work disability the death rate was modified even further by a factor of 0.38.
DISCUSSION
Permanent impairment from a work injury is a devastating experience with adverse implications for individual health and longevity. Studies of death from work injury typically focus on the increased incidence from different types of physical trauma, though a handful of studies have found that risk of death can persist well beyond the acute phase. 13 We have little knowledge, however, as to the specific mechanisms underlying long-term mortality risk after injury. In the current study, we found evidence to support the hypothesis that an increased risk of death due to disabling work injury can persist for several years after injury. Our findings also indicate that work disability plays a key role in mortality risk. Risk of premature death from work disability appears to be more salient in men than women, men being more susceptible to premature mortality at lower levels of work disability. For both women and men, the onset of impairment at younger ages is associated with greater risk of death. Another key finding from the analysis is that higher level of physical impairment affects mortality in men but not in women.
A key strength of the study is the large, powerful longitudinal dataset we have assembled through a linkage of two administrative data sources. Also, the rigorous cohort-control matching on key characteristics plus a propensity score helped to ensure that claimants and controls were similar at baseline, such that divergences in death rates could be credibly attributed to permanent impairment from work injury. The matching method has been tested in prior studies with good success. 9, 19, 20 Another strength is the study's use of a duration model for continuous time processes that corrects for error arising from multiple observations on each person, improving the precision of the results.
We also acknowledge some limitations of the study. First, the database lacked information on educational attainment, type of work injury and specific work characteristics, including occupation, although we did have a broad range of socio-demographic, health and earnings information. In a similar vein, health information was limited to the presence of work injury; therefore, we cannot be certain that the health status of cases and controls was equivalent at baseline. Furthermore, the sample comprises workers from the province of Ontario, which might raise questions as to the generalizability of the findings. For example, it is possible that labour-market conditions in other jurisdictions could have a different impact on labour-market engagement and work disability after injury.
These limitations notwithstanding, our focus in this study (Ontario workers' compensation claimants) can be viewed as a first case study of the longer-term impact of health impairments arising from work injury. The study makes an important contribution to the occupational health literature by providing evidence that work disability is a key explanatory factor in risk of premature mortality after impairment. Future investigations into the health and longevity consequences of work injury should begin to account for the factors associated with labour-market engagement in impaired workers. These factors include not just the physical consequences of work injury, such as mobility limitations and pain, but also a myriad of other adverse psychosocial impacts such as anxiety, coping and stigma. These "softer" psychosocial impacts may be more difficult to evaluate precisely, though they no doubt play a key role in work disability. Prior research finds that work disability is often underestimated in populations with less severe impairments. 9, 21, 22 Identifying the key mechanisms underlying work disability requires that rehabilitation researchers go beyond physical assessments of work limitations to consider the impact of injury on an individual's sense of self, coping and adaptability, and other factors -such as age at which the impairment occurs -that can present significant barriers to successful labour-market re-entry. A better understanding of the social psychology of work disability can help rehabilitation services design programs that more effectively assist workers with labour-market re-engagement after injury with implications for improved longevity and overall well-being.
